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Reaching Toward an Understanding of Implicit Racial Bias
Darian DeMarce*, Yasmine Robles* & J. Daniel McCarthy
Western Oregon University
Design
• 3D reaching setup (Liberty, Polhemus)
• Example stimulus displays
• Task: categorize faces by race (reach to target)
`Measures
• Initiation latency (time to start movement)
– Response threshold adjustment
• Reach curvature
– Conflict monitoring
– Positive values signal conflict 
Implications
• Reach tracking may reveal that implicit racial 
biases take longer to suppress for outgroup vs. 
ingroup members.
• Future work: determine if implicit reaching 
measures predict explicit reports of prejudice.
Previous Research
• Self-reported (explicit) prejudice is a poor index 
of racial attitudes due to social desirability 
confounds (Nosek, Greenwald & Banaji, 2005).
• The Implicit Association Test (IAT; 
Greenwald, McGhee & Schwartz, 1998) is a 
popular measure used to infer automatic 
stereotypes often masked by self-reports.
• Traditional IATs using keypress responses fail 
to capture the temporal unfolding of mental 
subprocesses, including cognitive conflict and 
motor control (Smeding et al., 2018).
• Continuous reaching tasks capture this nuance: 
specifically, initiation latency and reach 
curvature are proposed to index response 
threshold adjustments and conflict monitoring, 
respectively (Erb et al., 2016). 
• The dorsal anterior cingulate cortex (dACC) is 
implicated in these dual roles in the Expected 
Value of Control model (Shenhav et al., 2013).
Expected Results
* Authors contributed equally.
Demers et al. (2015)
reach tracking. As in the Kerns et al. study, target and distractor
repetition trials (i.e., trials featuring a repeat of the text color
and/or word from the previous trial) are excluded from analysis
to control for S-R binding conflict. If the pattern of TSEs observed
in dACC activation with single-unit recordings (Sheth et al.,
2012) reflects the region’s role in supporting the response thresh-
old adjustment process, then initiation times should conform to
the same pattern of effects, revealing main effects of both current
and previous trial congruency (cC < iC < cI < iI). If the pattern of
TSEs observed in dACC activation with fMRI (Kerns et al., 2004)
reflects the region’s role in registering conflict over the course of
a trial, then reach curvatures should conform to the same pattern
of effects, revealing a main effect of current trial congruency and
an interaction of current and previous trial congruency
(cC = iC < iI < cI).
2.1. Method
2.1.1. Participants
Twenty-four right-handed adults (M = 19.6 years,
SD = 1.2 years; 15 females) with normal reaching behavior and
normal or corrected-to-normal vision participated in the experi-
ment. Participants received course credit for their participation.
The Institutional Review Board at Brown University approved the
protocol. One additional participant was tested but excluded from
the current analyses for engaging in a number of strategies to avoid
attending to the semantic content of the stimuli (e.g., squinting,
focusing above the cued location).
2.1.2. Apparatus
The experiment was conducted using a rear-mounted projector
(Viewsonic PJD6221) to display the task on a Plexiglass screen that
was arranged upright on a table approximately 48 cm in front of
the participant (see Fig. 1). The Plexiglass screen was 55.7 cm wide
and 43.2 cm tall and the projected image was 44 cmwide by 33 cm
tall. Reach movements and response selections were measured at a
rate of approximately 160 Hz with an electromagnetic position and
rientation recording system (Liberty, Polhemus). The root mean
square error of the tracker was 0.3 mm. In order to measure hand
position, a small motion-tracking marker (2.26 cm long, 1.27 cm
wide, and 1.14 high) weighing 0.13 oz was secured to participants’
right index finger with a Velcro strap. The task was programmed in
MATLAB (Mathworks).
2.1.3. Procedure
In the task, participants were instructed to indicate what color
of text (green, red, or blue) a centrally presented word (‘‘GREEN”,
‘‘RED”, or ‘‘BLUE”) was written in by touching one of three response
locations positioned toward the bottom left (12.3 cm from left bor-
der of the projected image, 11.5 cm from the bottom), top center
(22 cm from left, 27.1 from bottom), or bottom right (31.7 cm from
left, 11.5 from bottom) of the screen. Before beginning the task,
participants were told the mappings for each response location
multiple times (green at bottom left, red at top center, and blue
at bottom right) and were asked to recall the mappings. These
mappings remained constant across the experiment.
On each trial, participants rested their pointing finger on a Sty-
rofoam starting block located 27 cm in front of the screen, aligned
with the center of the display. The starting block was 2 ! 2 ! 2 cm.
The task was designed so that a trial would not initiate until the
subject’s finger was resting on the starting block. Once the partic-
ipant’s finger was on the starting block, a crosshair appeared in the
center of the projected image (22 cm from left, 16.75 from bottom)
for one second, followed by the stimulus in the same location. If
the participant’s hand moved from the starting block before the
stimulus appeared, the task was paused and did not resume until
the participant’s hand returned to the starting block for 500 ms.
The task was displayed on a white background. The response
locations were identical 0.6 cm by 0.6 cm black squares. From
stimulus onset, participants had up to 3 s to touch a response loca-
tion. Accurate responses within the allotted time resulted in a high
tone sounding at 600 Hz for 200 ms, while inaccurate responses or
responses that exceeded the allotted time resulted in a low tone
sounding at 300 Hz for 200 ms. The first 10 trials of the first block
were presented as practice trials and were excluded from further
analysis.
Before beginning the task, participants completed a nine-point
calibration sequence. Participants then completed 24 baseline tri-
als to familiarize them with the reaching procedure. The task
was presented in ten blocks, each consisting of 48 trials. A block
of trials consisted of 24 congruent and 24 incongruent trials, ran-
domly intermixed. The stimuli were 1.1 cm in height and ranged
from 2.7 cm to 4.7 cm in length. There were nine possible word
and color combinations, three of which were congruent and six
of which were incongruent. Each of the six incongruent combina-
tions was presented four times per block, while each of the three
congruent combinations was presented eight times per block.
Before each block, participants were reminded to respond quickly
while maintaining a high degree of accuracy.
2.1.4. Data processing
The data processing methods used in the current study were
largely adapted from Moher and Song (2013). The data from each
participant was analyzed offline using custom MATLAB (Math-
works) software. Three-dimensional resultant speed scalars were
created for each trial using a differentiation procedure in MATLAB.
These scalars were then submitted to a second order, low-pass But-
terworth filter with a cutoff of 10 Hz. Movement onset was calcu-
lated as the first point on each trial after stimulus onset at which
hand movement speed exceeded 25.4 cm/s. Each individual trial
was visually inspected as in previous work (Song & Nakayama,
2006, 2007b, 2008); for trials in which the default threshold clearly
missed part of the movement or included substantial movement
back to the starting point, thresholds were adjusted manually to
more appropriate levels for that trial. Movement initiation time
was defined as the time elapsed between stimulus onset and
movement onset.
Fig. 1. Diagram of experimental setup. A rear-mounted projector was used to
display the task on a Plexiglass screen mounted upright on the table in front of the
participant.
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